To gain insight into mechanisms controlling SRY (sex determining region Y)-box 2 (Sox2) protein activity in mouse embryonic stem cells (ESCs), the endogenous Sox2 gene was tagged with FLAG/ Hemagglutinin (HA) sequences by homologous recombination. Sox2 protein complexes were purified from Sox2/FLAG/HA knockin ESCs, and interacting proteins were defined by mass spectrometry. One protein in the complex was poly ADP-ribose polymerase I (Parp1). The results presented below demonstrate that Parp1 regulates Sox2 protein activity. In response to fibroblast growth factor (FGF)/extracellular signal-regulated kinase (ERK) signaling, Parp1 auto-poly ADP-ribosylation enhances Sox2-Parp1 interactions, and this complex inhibits Sox2 binding to octamer-binding transcription factor 4 (Oct4)/Sox2 enhancers. Based on these results, we propose a unique mechanism in which FGF signaling fine-tunes Sox2 activity through posttranslational modification of a critical interacting protein, Parp1, and balances the maintenance of ESC pluripotency and differentiation. In addition, we demonstrate that regulation of Sox2 activity by Parp1 is critical for efficient generation of induced pluripotent stem cells. 
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regulatory pathway | gene targeting | tagged mice M ouse embryonic stem cells (ESCs), which are derived from the inner cell mass (ICM) of blastocyst-stage embryos, are pluripotent and, therefore, can efficiently form tissues derived from all three germ layers. Cells in the ICM are pluripotent during a narrow window of development; however, pluripotency can be maintained almost indefinitely in culture under the appropriate conditions. Extrinsic factors such as leukemia inhibitory factor (LIF) (1) and bone morphogenic protein 4 (BMP4) (2) are required for propagating ESCs in an undifferentiated state. In addition, suppression of prodifferentiation signals through the FGF pathway also enhances pluripotency (3, 4) . Intrinsic factors, such as the transcription factors Oct4 (5), SRY (sex determining region Y)-box 2 (Sox2) (6) , and Nanog (7) , are also critical determinants of pluripotency. Sox2 cooperates with Oct4 to activate downstream target genes by binding to Oct-Sox enhancers. To date, ESC-specific Oct-Sox enhancers have been found in several genes, including Fgf4 (8) , Nanog (9, 10) , undifferentiated embryonic cell transcription factor 1 (UTF1) (8) , Oct4, and Sox2 (6, 11) . In addition, an ESC-specific enhanceosome complex including Oct4/Sox2/Nanog binds to a number of downstream genes involved in ESC pluripotency (12) (13) (14) . Common targets of the Oct4/Sox2/Nanog trio include actively transcribed genes and inactive genes; therefore, these core regulators maintain pluripotency via both active and repressive mechanisms (15) .
Regulation of the core factors themselves is another important determinant of pluripotency. The ground state of pluripotency is extremely sensitive to the dosage of Oct4 and Sox2. Relatively small fluctuations in the concentration of Oct4 can dramatically affect pluripotency (16, 17) . Similarly, relatively small decreases in Sox2 levels trigger ESC differentiation into trophectoderm-like cells, inhibit Oct-Sox targets and induce expression of various lineage markers (18) (19) (20) . Oct4 and Sox2 expression is stabilized by transcriptional regulation through a series of auto-regulatory feedback loops (21) (22) (23) ; however, little is known about the mechanisms that precisely regulate core factor protein levels.
To gain insight into mechanisms controlling Sox2 activity in ESCs, we replaced the endogenous Sox2 gene with a FLAG/HAtagged Sox2 by homologous recombination. Sox2 protein complexes were purified by immunoprecipitation with anti-FLAG monoclonal antibody, and interacting proteins were defined by high-resolution mass spectrometry. One of the proteins clearly identified in the complexes was poly ADP-ribose polymerase I (Parp1). The results presented below demonstrate that Parp1 regulates Sox2 protein activity. In response to FGF/ERK signaling, Parp1 auto-poly ADP-ribosylation (PARylation) enhances Sox2-Parp1 interactions that inhibit Sox2 binding to Oct-Sox enhancers. Based on these results, we propose a unique mechanism in which FGF signaling fine-tunes the level of Sox2 activity through posttranslational modification of a critical interacting protein, Parp1, and balances the maintenance of ESC pluripotency and differentiation. In addition, we demonstrate that regulation of Sox2 by Parp1 is critical for efficient generation of induced pluripotent stem cells (iPSCs).
Gao et al. (24) have previously described the interaction of Parp1 and Sox2 in ESCs. The authors reported that Parp1 PARylates Sox2 and relieves Sox2 repression of FGF4 gene expression. In contrast, we report that Parp1 does not PARylate Sox2 but instead PARylates itself. Moreover, we demonstrate that Parp1-Sox2 interactions are regulated by Parp1 auto-PARylation in response to FGF/ERK signaling. These results suggest a unique mechanism for maintenance of pluripotency; that is, Parp1 mediates a protein feedback loop that regulates the pluripotency factor Sox2.
Results

Sox2
Interacts with Parp1 in Mouse ESCs. Sox2 overexpression in ESCs results in differentiation (19) . To study Sox2 in ESCs under conditions that maintain pluripotency, we first used genetargeted homologous recombination in ESCs to fuse a 3XFLAG/ HA tag to the Sox2 carboxy terminus (Fig. S1 A and B) . Heterozygous-tagged Sox2 knockin ESCs were used to produce chimeric mice and, subsequently, adult homozygous knockin animals were obtained. No gross phenotypic abnormalities were observed in these mice; therefore, physiologically relevant Sox2 complexes are apparently formed and are fully functional. Sox2-containing complexes were isolated from heterozygous Sox2 knockin ESCs by affinity purification. Immunoprecipitated proteins from Sox2/ FLAG/HA and wild-type ESCs were separated by SDS-PAGE. Individual bands that were present in Sox2/FLAG/HA immunoprecipitations (IPs) and not in wild-type IPs were excised and subjected to high-resolution liquid chromatography (LC)-linear trap quadrupole (LTQ) Fourier transform (FT) tandem mass spectrometry analysis (MS/MS) (Fig. S1C) . Parp1 was clearly identified in the endogenous FLAG/HA Sox2 IPs and not in wild-type IPs (Fig. S1C ).
Parp1 is a nuclear enzyme that belongs to the 18-member Parp family and catalyses PARylation, a transient, reversible posttranslational modification (25) . Parp1 cleaves ADP-ribose moieties from nicotinamide adenine dinucleotide (NAD þ ) and uses these molecules to construct 2-to 200-unit linear and branched chains of poly(ADP-ribose), or PAR. Parp1 also attaches these PARs to target proteins (PARylation) and to itself (auto-PARylation) (26) . Poly (ADP-ribose) glycohydrolase (Parg) rapidly degrades protein-bound PARs to free ADP-ribose monomers, and maintains most Parp1 in an unPARylated, inactive status, poised for an immediate response to stimuli (27) . Parp1 was initially demonstrated to play a role in DNA repair (28) (29) (30) . However, recent studies have shown that Parp1 is a multifunctional protein involved in transcriptional regulation (26) , epigenetics (31) , and apoptosis (32) .
To verify the Parp1-Sox2 interaction suggested by the mass spectrometry data, we performed coimmunoprecipitations using knockin Sox2 ESC nuclear extracts. Immunoprecipitation with FLAG antibody to Sox2/FLAG/HA pulled down Parp1 [see Parp1 immunoblotting (IB) in Fig. S1D , Upper Left]. Also, Parp1 immunoprecipitation pulled down Sox2/FLAG/HA (see anti-FLAG IB in Fig. S1D , Upper Right). Finally, immunoprecipitation with Sox2 antibody pulled down Parp1 (see Parp1 IB in Fig. S1D, Lower) .
Among other Parp members, Parp2 is the major contributor of residual Parp enzymatic activity in Parp1-disrupted cells (33, 34) , and Parp1/Parp2 double knockout animals die during early embryonic development (35, 36) . As Parp1 was reported to form heterodimers with Parp2 in HeLa cells (37), we questioned whether Parp2 interacts with Parp1 in ESCs. Using cell lysates derived from wild-type ESCs, we demonstrate that immunoprecipitation with Parp2 antibody pulls down Parp1 (see Parp1 IB in Fig. S1D , Lower).
To facilitate further experiments, we produced ESCs with an HA/3XFLAG tag fused to the amino terminus of Parp1, and show that tagged Parp1 interacts with Sox2 ( Fig. S2 , Table S1 ).
Parp1 and Parp2 Repress Oct-Sox Targets. To further test the functional relevance of Parp1 and Parp2 interaction with Sox2, we examined loss-of-function phenotypes by introducing shRNAs against Parp1 and Parp2 into ESCs. Gene expression profiles were assayed by nCounter (Nanostring Technologies) at 4 d post transduction. Notably, Parp2 was upregulated in Parp1-depleted cells and Parp1 was upregulated in Parp2-depleted cells, suggesting a reciprocal compensation between Parp1 and Parp2 in ESCs. Expression of Nanog (9, 10), Fgf4 (8), Utf1 (8), Oct4, and Sox2 (6, 11) (genes thought to be regulated by Oct-Sox enhancers) was substantially increased in Parp1-knockdown, Parp2-knockdown, and double-knockdown assays (Fig. 1 ). These results demonstrate that Parp1 and Parp2 play important roles in the control of genes regulated by Oct-Sox enhancers (Nanog, Oct4, Fgf4, Sox2, and Utf1). Also, several pluripotent marker genes [Kruppel-like factor 4 (Klf4), T-box 3 (Tbx3), and Sal-like protein 4 (Sall4)] that do not contain functionally characterized Oct-Sox enhancers are nevertheless upregulated by Parp1/Parp2 knockdown ( Fig. 1) .
Surprisingly, stable knockdowns of Parp1 and Parp2 resulted in slightly different gene expression patterns. As observed in transient knockdowns, expression of Nanog and Klf4 was upregulated in individual clones isolated from all three knockdown groups (Fig. S3) . However, expression of Oct4 and Sox2 was not significantly increased and expression of Fgf4 and Utf1 was slightly decreased (Fig. S3 ). These data are consistent with the Parp1 knockout results published by Gao et al. (24); Sox2 expression did not change in the absence of Parp1 and expression of Fgf4 was decreased by 40% in Parp1 knockout ESCs. Ogino et al. (38) have also reported that changes in expression of pluripotency genes are minimal in Parp1 knockout cells. We speculate that the differences in gene expression data observed between Parp1 knockouts (or Parp1 stable knockdowns) and our transient Parp1 knockdowns are due to clonal selection; that is, in Parp1 knockout or stable knockdowns, only undifferentiated ESC clones in which transcriptional feedback loops gradually adjust Oct4 and Sox2 to normal levels are selected.
PARylation of Parp1 Regulates Sox2 Activity. Parp1 is both a positive and negative regulator of transcription. Parp1 positively regulates transcription by displacing histone H1 at many RNA polymerase II (pol II) promoters (39) . In the absence of NAD þ , Parp1 represses transcription by condensing chromatin (40, 41) . To investigate Parp1 binding to Oct-Sox targets, we employed ChIP to map the DNA binding pattern of Parp1 at the Sox2 and Nanog loci. Parp1 binding in HA tagged Parp1 ESCs was enriched at the Sox2 gene promoter and at the Nanog promoter (Fig. S4) . Interestingly, the Sox2 and Nanog promoters were also bound by Sox2 in HA-tagged Sox2 ESCs (Fig. S4) . These results suggest that Parp1-Sox2 complexes bind to Sox2 and Nanog regulatory elements.
Given the well-characterized enzymatic activity of Parp1, we next investigated whether Sox2 is PARylated by Parp1 in ESCs. When recombinant Parp1 was incubated with radiolabeled NAD þ in a biochemical assay, an auto-PARylation signal was detected at the predicted molecular weight of Parp1 (Fig. S5A ). This PARylation result was further validated by Parp inhibitor treatment. Although PARylation of Parp1 was high, when Sox2 was added to the reaction, no signal at the predicted position of Sox2 was detected. This result indicates that Sox2 was not PARylated in this assay (Fig. S5A) . Next, permeabilized-tagged Sox2 knockin (KI) ESCs and tagged Parp1 KI ESCs were incubated with radiolabeled NAD þ and subjected to coimmunoprecipitation with control and FLAG antibodies. Only FLAG immunoprecipitates from Parp1 knockin ESCs displayed a signal after autoradiography (Fig. S5B) . Together, these data demonstrate Parp1 PARylation in ESCs; however, we do not observe Sox2 PARylation in ESCs as reported previously (24) .
Parp1 is the primary PAR recipient (42, 43) . To further investigate the importance of PARylation in ESCs, we assayed the expression profile of Oct-Sox targets in the presence of the Parp inhibitor, PJ34. Expression of Oct-Sox targets (Nanog, Oct4, Fgf4, and Sox2) was upregulated in the presence of Parp inhibitor ( Fig. 2A) . These data are consistent with the results of Parp1, Parp2, and Parp1/Parp2 knockdowns presented above (Fig. 1) . The data suggest that PARylation regulates Sox2 activity at Oct-Sox target genes; however, Sox2 itself is not PARylated.
To provide insights into the mechanism by which Parp1 autoPARylation influences Sox2 binding to Oct-Sox target genes, we determined whether Parp1 PARylation changes Parp1-Sox2 interactions. Previous data demonstrated that linkage of a long negatively charged PAR polymer to a protein can alter subsequent protein-protein interactions in both positive (44, 45) and negative ways (46) . In Fig. 2B , we demonstrate that Parp1-Sox2 interaction is decreased when PARylation is inhibited with 3,4-Dihydro-5[4- (Fig. 2C, Right) . These results (Fig. 2 A-C, Fig. S5 A and B Fig. 3A also demonstrate that Sox2 levels are dramatically decreased within a few hours after maximum Sox2-PARylated Parp1 interaction. These results combined with the data in Fig. 2 suggest that inhibition of Sox2 activity by Sox2-PARylated Parp1 complexes plays an important role in the initiation of ESC differentiation.
To further test this hypothesis, we determine whether RA-induced differentiation was reduced in Parp1, Parp2, and Parp1/ Parp2 knockdown ESC lines. After treating with RA for 2 d, ESCs containing control shRNA differentiated normally and lost characteristic ESC morphology (Fig. 3B, Left) . However, doubleknockdown cells retained normal ESC morphology (Fig. 3B,  Right) . These results demonstrate that Parp1 and Parp2 are essential for normal ESC differentiation.
Auto-PARylation of Parp1 is Activated by the FGF/ERK Pathway. We observed that Parp1 was PARylated and interacted with Sox2 relatively quickly after a differentiation stimulus (RA). This finding led us to examine whether known signal transduction pathways stimulate Sox2-Parp1 interactions and subsequent ESC differentiation. The FGF/ERK pathway plays an important role in regulating pluripotency and lineage specification by directing ESCs to exit self-renewal. RA is known to stimulate ESC differentiation through the FGF/ERK pathway (47, 48) , and phosphorylation of Parp1 via Erk1/2 is known to induce Parp1 auto-PARylation (49). However, a direct link between Erk1/2 activation, Parp1 autoPARylation, and ESC differentiation has not been described. Therefore, we monitored Erk1/2 activity (phosphorylation status of Thr202 and Tyr204 in Erk1 and Thr185 and Tyr187 in Erk2) following RA treatment to induce ESC differentiation. Interestingly, Erk1/2 activation is observed at 8 h after exposure to RA (Fig. 3A , P-Erk1/2), just prior to the robust PARylation of Parp1 seen at 16 h. As described above (Fig. 3A, Top) , maximum PARylated Parp1-Sox2 interactions occur at 16 h after RA treatment. These results suggest a direct link between Erk1/2 activation, Parp1 auto-PARylation, and ESC differentiation. This link is further substantiated by pharmacological inhibition of FGF/ERK activation during RA-induced differentiation. When ESCs are treated with RA for 16 h in the presence of the FGF inhibitor PD173074, PARylated Parp1, and Sox2-Parp1 interactions are significantly decreased (Fig. 3C) .
Previous experiments have demonstrated that suppression of the FGF/ERK pathway sustains ESCs in the ground state (3). Fgf4 is the major Fgf family member that is produced by ESCs, and Fgf4 gene expression is directly regulated by Oct4 and Sox2 (8) . In addition, ESCs can activate the FGF/ERK pathway in an autocrine manner via Fgf4. Therefore, we determined whether the FGF/ERK pathway controls pluripotency by mediating Parp1-Sox2 interactions. ESCs were treated with mFGF4, FGF receptor inhibitor (PD173074), mitogen-activated protein kinase (MEK) inhibitor (PD0325901), or glycogen synthase kinase 3b (GSK3β) inhibitor (CHIR99021), and coimmunoprecipitations were performed (Fig. 3D) . We observed that Parp1 PARylation as well as Parp1-Sox2 interactions were increased by activating the FGF/ERK pathway with mFGF4 but decreased by inhibiting the FGF/ERK pathway with FGF receptor inhibitor (PD173074) or MEK inhibitor (PD0325901) (Fig. 3D) . GSK3β inhibitor treatment (CHIR99021) did not change the level of Parp1 PARylation, when normalized to total Parp1, but did upregulate Parp1 and Sox2 protein expression. These results strongly suggest that the FGF/ERK pathway regulates pluripotency by mediating Parp1-Sox2 interactions.
Depletion of Parp1 and Parp2 Represses iPSC Induction. Yamanaka and coworkers (50) first showed that somatic cells can be reprogrammed into induced pluripotent stem cells (iPSCs) through the forced expression of four transcription factors (4Fs) Oct4, Sox2, Klf4, and c-Myc, albeit with low efficiency. An optimal stoichiometry of the 4Fs must be achieved for efficient somatic reprogramming (51) . Changes in relative expression levels result in significant effects. Increasing Oct4 expression enhances reprogramming efficiency; in contrast, increasing expression of Sox2, Klf4, and c-Myc represses iPSC formation (52, 53) . To determine whether Parp1 plays a role in iPSC generation, we first assayed Sox2-Parp1 interactions during the reprogramming process (Fig. S6A) . The 4Fs were introduced into mouse embryonic fibroblasts (MEFs) by retrovirus transduction. After 2 d, virus-infected MEFs were pooled and then resplit on several culture dishes to ensure an even transduction frequency on each plate. Small ESClike colonies began to appear at 7 d post transduction. At day 14, one plate was used for alkaline phosphatase (AP) staining to determine the number of potential iPSCs. More than 2,000 AP positive colonies were detected on one 10 cm plate, suggesting an efficient reprogramming process. Cells were collected at 3, 5, 7, 9, 11, and 14 d post transduction and cell lysates were subjected to immunoprecipitation and immunoblotting. Notably, expression of Parp1 was upregulated upon iPSC formation (Fig. S6B ). Sox2-Parp1 interaction was first observed at day 7 and became more intense in later stages. To further determine the requirement for Parp1 in iPSC reprogramming, Parp1 and Parp2 shRNAs along with 4Fs were introduced into MEFs. Control shRNAs and shRNA against Sox2 were also used as experimental controls. The formation of iPSC colonies was determined by AP staining 14 d after transduction. Compared to the result from control shRNA, the number of AP positive colonies significantly decreased (40% of control) in the Parp1 and Parp2 knockdowns, and double-knockdown did not further reduce iPSC colony numbers. A similar result was obtained during iPSC production using Parp inhibitors (DPQ and PJ34). The number of iPSC colonies derived from PJ34-treated MEFs was decreased to 70% of the control (Fig. S6C ). Our results demonstrate that Parp1, Parp2, and PARylation are required for somatic cell reprogramming to iPSCs.
We also performed iPSC induction experiments with tail-tip fibroblasts (TTFs) derived from Parp1 knockout animals (Fig. 4 A  and B) . The results are consistent with the Parp1 knockdown data described above. Expression analysis suggests that iPSCs derived from Parp1−∕− TTFs are not fully reprogrammed because of abnormal expression of genes that are essential for pluripotency (Fig. 4B ). These results demonstrate a clear deficiency in Parp1−∕− cells and suggest that Parp1−∕− animals, from which the TTFs were derived, are not phenotypically normal.
Discussion
An Auto-Regulatory Loop for Sox2 Protein. The fate of ESCs is controlled by external signals. LIF is required for propagating mouse ESCs in an undifferentiated state. In contrast, FGFs direct ESC differentiation. Interestingly, both stimulatory and inhibitory pathways are active in ESCs; therefore, defining the points of crosstalk between these pathways is important for understanding the mechanisms involved in self-renewal and differentiation. Only recently have insights been obtained into the ways in which external factors are integrated into the core pluripotency-regulating transcriptional circuitry. By stimulating janus kinase (JAK) and signal transducer and activator of transcription 3 (Stat3), LIF activates Klf4, which then modulates Sox2 expression. In parallel, LIF partially activates the phosphoinositide 3-kinase (PI3K)/ AKT pathway to induce T-box 3 (Tbx3), which then directs Nanog expression (54) . LIF also activates the ERK cascade to counteract the PI3K/AKT pathway (54) . Additionally, Sox2 is phosphorylated by the PI3K/AKT pathway, which enhances Sox2 activity by stabilizing Sox2 protein levels (55) .
In this paper, we present a molecular map that connects the pluripotency factor Sox2 to the prodifferentiation FGF signaling pathway and the downstream ERK pathway (Fig. 5) . We have identified Parp1 as a mediator of Sox2 complexes that regulate pluripotency genes such as Nanog. Although Sox2 is not PARylated, Parp1 PARylation induced by FGF signaling, and the downstream Erk1∕2 pathway, influences Sox2 transactivating activity by inhibiting Sox2 recruitment to Oct-Sox enhancers. Parp1-dependent Sox2 inhibition can be rapidly reversed by Parg-mediated PAR degradation. Therefore, Parp1 PARylation provides a dynamic and efficient regulatory mechanism in ESCs. In addition, we suggest that the FGF/Parp1/Sox2 axis is employed by at least two different FGFs. In our model, Fgf8, which is induced by RA, triggers the FGF signaling pathway (48) to disassemble the enhanceosome complex composed of Oct4/Sox2/Nanog upon differentiation. This disassembly is mediated by Parp1 PARylation and subsequent Sox2/PARylated Parp1 interaction. However, in pluripotent ESCs, the FGF pathway is activated by Fgf4, which is a direct downstream target of Oct4 and Sox2. Autocrine stimulation of the FGF pathway by Fgf4 triggers Parp1 PARylation and subsequent Sox2/PARylated Parp1 complexes to inhibit overexpression of Sox2, which stimulates differentiation. Therefore, Sox2 function is fine-tuned through a protein feedback loop that is mediated by Parp1. Although we confirm that Parp1 and Sox2 interact, we cannot demonstrate Sox2 PARylation. In fact, our data suggest that Parp1/Sox2 interactions are controlled by Parp1 PARylation and that Parp1 PARylation is regulated by the FGF/ERK kinase pathway. Therefore, Parp1 directly links a critical signal transduction pathway to the regulation of Sox2 target genes such as Nanog and Fgf4. Parp1 fine-tunes Sox2 activity, which is essential for maintenance of pluripotency.
In summary, our results demonstrate that Parp1 regulates Sox2 activity. In response to FGF/ERK signaling, Parp1 auto-PARylation enhances Sox2-Parp1 interactions, and this complex inhibits Expression of endogenous Oct4, Sox2, Klf4, Fgf4, and Nanog in iPSC derived from Parp1−∕− TTFs with and without Parp1 cDNA rescue plasmids was quantitated with the nCounter system (Nanostring Technologies). Three independent clones with and without rescue were analyzed. One wild-type ESC clone was used for the control. Expression levels are shown as copy number of RNA transcripts.
Sox2 binding to Oct-Sox enhancers. Based on these results, we propose a unique mechanism in which FGF signaling fine-tunes the activity of Sox2 through posttranslational modification of a critical interacting protein, Parp1, and balances the maintenance of ESC pluripotency and differentiation. In addition, we demonstrate that regulation of Sox2 by Parp1 is critical for efficient generation of iPSCs. Our data suggest that Parp1 mediates a protein feedback loop that regulates the pluripotency factor Sox2 via FGF/ERK signaling.
Experimental Procedures
ESCs were cultured as described previously (56) . shRNA assays, ChIP assays, quantitative RNA analysis, and iPSC induction were performed as described in SI Text. Sox2 and Parp1 targeting vectors were constructed by recombineering as previously described (56) . For affinity purification, mass spectrometry, and protein identification, nuclear extracts derived from 10E9 Sox2/FLAG/ HA ESCs were incubated with anti-FLAG M2 affinity gel (Sigma) at 4°C for 16 h. The beads were washed and proteins eluted with 500 μg∕mL 3XFLAG peptide (Sigma) in elution buffer. Protein complexes were separated on an SDS-PAGE gel and stained with a SilverQuest staining kit (Invitrogen). Each protein band was excised and subjected to high-resolution LC-LTQ FT MS/MS analysis as previously described (57, 58) . Sox2/FLAG/HA ESC IPs were compared to wild-type IPs to eliminate background proteins.
